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The Flow of Biotechnology Information

Gene Function

> DNA sequence > Protein sequence
AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC MKIVYWSGTGNTEKMAELIAKGITIESGKDVNTINVSDVNI
TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA DELLNEDILILGCSAMGDEVLEESEFEPFIEEISTKISGK
TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA KVALFGSYGWGDGKWMRDFEERMNGYGCVVVETPLIVQONE
ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG PDEAEQDCIEFGKKIANI
TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA

TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG

GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA

CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC

TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA

ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG

TAAGAAGATCGCGAACATCTAGTAGA

Sequencing Progress

Size (Mb)

10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
Chromosome

* 6% of human genome sequence completed to date
* Projected pace: 500 Mb each year
* [/3 completion by end of 2001

il e Finish complete genome by end of 2003

GenBank, October 23, 1998
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Protein Conformation

¢ Christian Anfinsen
Studies on reversible denaturation —
“Sequence specifies conformation”

Chaperones and disulfide
interchange enzymes:
involved but not controlling final state

“Starting with a newly-determined sequence, what
can be determined computationally about its
possible function and structure?”

Protein Sequence Analysis

Protein Sequence
Comparative Methods Predictive Methods

Homology Profile Physical @ Structural
Searches @ Analysis | Properties @ Properties

* Shared ancestry?
e Similar function?
* Domain or

| complete sequence?




Current Topics in Genome Analysis *99
Protein Sequence Analysis: BLAST and Beyond

BLAST

e Seeks high-scoring segment pairs (HSP)
* pair of sequences that can be aligned without gaps

e when aligned, have maximal aggregate score
(score cannot be improved by extension or trimming)

 score must be above score threshhold §
e gapped (2.0) or ungapped (1.4)
e Search engines

e WWW search form
http://www.ncbi.nlm.nih.gov/BLAST

e Unix command line
blastall -p progname -d db -i query > outfile

Mgl o E-mail server
il L
[ i blast@ncbi.nlm.nih.gov

BLAST Algorithms

Program Query Sequence Target Sequence
BLASTN Nucleotide Nucleotide
BLASTP Protein Protein

BLASTX Nucleotide, Protein
six-frame translation

TBLASTN Protein Nucleotide,
six-frame translation

TBLASTX Nucleotide, Nucleotide,

| six-frame translation  six-frame translation
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Neighborhood Words

Query Word (W = 3)

Query: GSQSLAALLNKCKTPQGORLVNOQWIKQPLMDKNRIEERLNLVEAFVED

!

Neighborhood
Words

Neighborhood Score
Threshold
(T=13)

High-Scoring Segment Pairs

SLAALLNKCKTPQGORLVNOQWIKQPLMDKNRIEERLNLVEA
+LA++L TP G R++ +W+ P+ D + ER + A
\

MWmMmHW TLASVLDCTVTPMGSRMLKRWLHMPVRDTRVLLERQQTIGA
ﬂmwwmw
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BLAST Search Requirements

* A query sequence, in FASTA format
e Which BLAST program to use
e Which database to search

e Parameter values
X Significance decay
104-10°
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BLAST Search Requirements

* A query sequence, in FASTA format
e Which BLAST program to use
e Which database to search

e Parameter values
X E =kNe”*

Number of HSPs
found purely by chance

Cumulative Score

| |
“Hﬂﬂw Extension
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Scoring Matrices
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e Cys/Pro important for structure and function

e Trp has bulky side chain

» Lys/Arg have positively-charged side chains

e Importance of understanding scoring matrices

e Appear in all analyses involving sequence comparison

 Implicitly represent a particular theory of evolution

* Choice of matrix can strongly influence outcomes

Matrix Structure

*
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PAM Matrices

e Margaret Dayhoff, 1978
e Point Accepted Mutation (PAM)

* Look at patterns of substitutions in related proteins

e The new side chain must function the same way as the
old one (“acceptance”)

On average, 1 PAM corresponds to 1 amino acid change
per 100 residues

1 PAM ~ 1% divergence
Extrapolate to predict patterns at longer distances

PAM Matrices

e Assumptions
e Replacement is independent of surrounding residues
e Sequences being compared are of average composition
* All sites are equally mutable

e Sources of error

e Small, globular proteins used to derive matrices
(departure from average composition)

e Errors in PAM 1 are magnified up to PAM 250

¢ Does not account for conserved blocks or motifs
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BLOSUM Matrices

e Henikoff and Henikoff, 1992
e Blocks Substitution Matrix (BLOSUM)

* Look only for differences in conserved, ungapped
regions of a protein family

e More sensitive to structural or functional substitutions

e BLOSUM n

* Contribution of sequences >n% identical weighted to 1
* Reduces contribution of closely-related sequences

¢ Increasing n ~ increasing PAM distance

So many matrices...

e Triple-PAM strategy (Aitschul, 1991)
* PAM 40 Short alignments, highly similar
* PAM 120 |

« PAM 250 Longer, weaker local alignments

e BLOSUM 62 (Henikoff, 1993)

* Most effective in detecting known members of a
protein family

e BLAST default
* No single matrix is the complete answer for all
sequence comparisons
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BLAST Query

>N-terminal unknown protein
MSSAAAAAAGAAGGGALFQPQSVSTANSSSSNNNNSSTPAALATHSPTSNSPVSGASSASSLLTAAFGNL
FGGSSAKMLNELFGROMKQAQDATSGLPQSLDNAMLAAAMETATSAELLIGSLNSTSKLLOQOHNNN. . .

l BLASTP / SWISSPROT / BLOSUMG62

Sequences producing significant alignments:

sp|P29617 | PRO_DROME PROTEIN PROSPERO

sp|P34522 | HM26_CAEEL HOMEOBOX PROTEIN CEH-26

sp|P48437 | PRX1_MOUSE HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)
sp|Q92786 | PRX1_HUMAN HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)
sp|Q91018|PRX1_CHICK HOMEOBOX PROSPERO-LIKE PROTEIN PROX1 (PROX 1)
sp|P25440 | RNG3_HUMAN RING3 PROTEIN (KIAA9001)

sp|P31000 | VIME_RAT VIMENTIN

sp|P48670 | VIME_CRIGR VIMENTIN

Lower probability infers
greater significance —
but always look at the
alignments!

WebBLAST

* Impetus
» Need to archive data in a logical fashion
e Shortcomings of commercial LIMS products

e Need to perform many BLAST searches (locally)
e Goals

e Collect and organize sequence data
e Provide automated BLAST runs
Monthly re-BLAST against NCBI-month
Combine data from multiple sources
Allow for export to assembly programs
Use in multi-user, multi-project environment

Most steps transparent to users
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Profiles

Numerical representations of multiple sequence
alignments

Depend upon patterns or motifs containing
conserved residues

Represent the common characteristics of a protein
family

Can find similarities between sequences with little
or no sequence identity

Allow for the analysis of distantly-related proteins

Profile Construction

APHIIVATPG

GCEIVIATPG

GVEICIATPG . . .
GVDILIGTTG » Which residues are seen at each position?
Bl * What is the frequency of observed residues?
KPHIIIATPG s the frequency of observed residues:
KVOLIIATPG » Which positions are conserved?

RPDIVIATPG . .

APHIIVGTPG ® Where can gaps be introduced?

APHIIVGTPG

GCHVVIATPG

NODIVVATTG

Position-Specific Scoring Table

QUHPIIHT YA
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ProfileScan

» Search sequence against a collection of profiles

e Databases available
e PROSITE 1167 entries
e Pfam 527 entries

* http://www.ch.embnet.org/software/
PFSCAN_form.html

ProfileScan Query

>C-terminal end

MALLQISEPGLSAAPHORRLAAGIDLGTTNSLVATVRSGQAETLADHEGRHLLPSVVHYQQQGHSVGYDA
RTNAALDTANTISSVKRLMGRSLADIQQORYPHLP YQFQASENGLPMIETAAGLLNPVRVSADILKALAAR
ATEALAGELDGVVITVPAYFDDAQROGTKDAARLAGLHVLRLLNEPTAAAIAYGLDSGQEGVIAVYDLGG
GTFDISILRLSRGVFEVLATGGDSALGGDDFDHLLADYIREQAGIPDRSDNRVQRELLDAAIAAKIA. ..

Prosite + Pfam
Significant matches only

normalized raw from - to Profile|Description
219.3535 27400 pos. 21 - 600 PF00012|HSP70 Heat shock hsp70 proteins

l E-value l SignaturesTI1

NScore SwissProt [IV]-D-L-G-T-[ST]-x-[SC]
7.0 1.8000
8.0 0.1800 [LIVMF] - [LIVMFY ] - [DN] - [LIVMFS] -G~ [ GSH] - [GS] - [AST]-x(3)-
9.0 0.0180 [ST]-[LIVM]-[LIVMFC]
10.0 0.0018
[LIVM] -~ [LIVMF ] -X-G-G-X~[ST] -X~[LIVM] -P-x~ [LIVM] -X~
219.4 3e-211 [DEQKRSTA]




Current Topics in Genome Analysis *99
Protein Sequence Analysis: BLAST and Beyond

PSI-BLAST

» Position-Specific Iterated BLAST search

» Easy-to-use version of a profile-based search

e Perform BLAST search against protein database

 Use results to calculate a position-specific scoring matrix
e PSSM replaces query for next round of searches

e May be iterated until no new significant alignments are
found

* Convergence — all related sequences deemed found

* Divergence — query is too broad, make cutoffs more stringent

Dstrsostion of I Bt Hits on the Jnery Seqeence
[House—over to show S=Cline and scores. Click bo show aligmesnts
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BLOCKS

e Steve Henikoff, Fred Hutchinson Cancer Research
Center, Seattle
e Multiple alignments of conserved regions in protein
families
* 1 “block” = 1 short, ungapped multiple alignment
e Families can be defined by one or more blocks
* Searches allow detection of one or more blocks
representing a family
e Search engines
e E-Mail blocks @howard.fchrc.org
* Web http://blocks.fhcrc.org/

BLOCKS Query

>C-terminal end

MALLQISEPGLSAAPHORRLAAGIDLGTTNSLVATVRSGQAETLADHEGRHLLPSVVHYQQQGHSVGYDA
RTNAALDTANTISSVKRLMGRSLADIQQORYPHLP YQFQASENGLPMIETAAGLLNPVRVSADILKALAAR
ATEALAGELDGVVITVPAYFDDAQROGTKDAARLAGLHVLRLLNEPTAAAIAYGLDSGQEGVIAVYDLGG
GTFDISILRLSRGVFEVLATGGDSALGGDDFDHLLADYIREQAGIPDRSDNRVQRELLDAAIAAKIA. ..

l Search blocks

BL00297A
HSCA_ECOLI 136 ALAARATEALAGELDGVVITVPAYFDDAQROGTKDAARLAGLHVLRLLNEPTAAA

C-terminal 136 ALAARATEALAGELDGVVITVPAYFDDAQRQGTKDAARLAGLHVLRLLNEPTAAA
l Examine blocksCI1

HSP70_1; BLOCK

BL00297A; distance from previous block=(94,187)

Heat shock hsp70 proteins family proteins.

PRR motif; width=55; seqs=111; 99.5%=2947; strength=1607
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BLOCKS Entry

ip HSP70_1; BLOCK

AC  BLO00297A;

distance from previous block=(94,187)

DE Heat shock hsp70 proteins family proteins.
BL PRR motif; width=55; seqs=111; 99.5%=2947; strength=1607

HSTO_CHLRE (
HSTL_SBYV (
HSTR_HUMAN
HSTT_MOUSE
YKH3_YEAST

DNAK_BACSU
DNAK_BORBU
DNAK_BRUOV
DNAK_BURCE
DNAK_CAUCR
DNAK_CHLPN
DNAK_CLOPE
DNAK_CRYPH
DNAK_ECOLI
DNAK_ERYRH
DNAK_HAEIN

>chk-H5

129)
132)
124)
126)
160)

95)
122)
122)
123)
122)
125)

98)
122)
121)

96)
120)

KETAQASLGADREVKKAVVTVPAYFNDSQRQATKDAGMIAGLEVLRIINEPTAAA
ALISTASEAFKCQCTGVICSVPANYNCLORSFTES CVNLSGYPCVYMVNEPSAAA
KLKETAESVLKKPVVDCVVSVPCFYTDAERRSVMDATQIAGLNCLRLMNETTAVA
TKMKETAEVFWAPMSQRVITVPAYFNDSQRQATKDAGVIAGLNVLRIINEPTAVA
SLLKDRDARTEDFVNKMSFTIPDFFDQHORKALLDASSITTGIEETYLVSEGMSV

HLKSYAESYLGETVSKAVITVPAYFNDAERQATKDAGKIAGLEVERIINEPTAAA
KMKETAEAYLGEKVTEAVITVPAYFNDAQRQATKDAGKIAGLEVKRIVNEPTAAA
KMKETAESYLGETVTQAVITVPAYFNDAQRQATKDAGKIAGLEVLRIINEPTAAA
KMKKTAEDYLGEPVTEAVITVPAYFNDSQROATKDAGRIAGLEVKRIINEPTAAA
KMKEAAEAHLGEPVTKAVITVPAYFNDAQRQATKDAGKIAGLEVLRIINEPTAAA
KMKETAEAYLGETVTEAVITVPAYFNDSQRASTKDAGRIAGLDVKRIIPEPTAAA
KLKADAEAYLGEKVTEAVITVPAYFNDAERQATKDAGRIAGLDVKTIINEPTAAS
KLVDDASKYLGESVKQAVITVPAYFNDSQRQATKDAGRIAGLEVLRIINEPTAAS
KMKKTAEDYLGEPVTEAVITVPAYFNDAQRQATKDAGRIAGLEVKRIINEPTAAA
YMKSYAEDYLGEKVTKAVITVPAYFNDAQRQATKDAGKIAGLEVERIINEPTAAA
KMKKTAEDFLGESVTEAVITVPAYFNDAQRQATIDAGKIAGLDVKRIINEPTAAA

>hum-H1

IAAAT IQKYI QIKLSIRRLLAAGVL RLAKS

>pea-H1

ITKAV AALKKALAA EKNNS RIKLGLKSLVS KGTLVQTKGT GASGS FKLNKK

IKDAIVSL IAKFIEEKQKQLPANFKKLLLONL I SAAAKKP

l MOTIF/GIBBS

>Histone chk-H5 family
6 sequences are included in 2 blocks

HistoneA, width = 31
SHPTYSEMIAAAIRAEKSRGGSSRQOSIQKYI
SGPPVSELITKAVAASKERSGVSLAALKKAL
SHPTYEEMIKDAIVSLKEKNGSSQYAIAKFI
SSKSYRELIIEGLTALKERKGSSRPALKKFI
SSLTYKEMILKSMPQLNDGKGSSRIVLKKYV
SGPSASELIVKAVSSSKERSGVSLAALKKAL

HistoneB, width = 15
21) IRRLLAAGVLKQTKG
21) LKSLVSKGTLVQTKG
21) LKKNVASGKLIKVKG
21) IKKGVEAGDFEQPKG
21) IKKCVENGELVQPKG
21) LKALVTKGTLTQVKG
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Protein Sequence Analysis

Protein Sequence
Comparative Methods Predictive Methods

Homology Profile Physical @ Structural
Searches @ Analysis | Properties @ Properties

* Composition
* Hydrophobicity
e Secondary structure

| * Specialized structures

M1 .
i i m Tertiary structure

ProtParam

e Computes physicochemical parameters
e Molecular weight
e Theoretical pl
* Amino acid composition
 Extinction coefficient
e Simple query
e SWISS-PROT accession number

e User-entered sequence, in single-letter format

* http:/lexpasy.hcuge.ch/sprot/protparam.html
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ProtParam Query

MNGEADCPTDLEMAA PKGODRWSQEDMLTLLECMKNNLPSNDSSKFKTTESHMDWEKVAFKDF SGDMCKL
KWVEISNEVRKFRTLTELILDAQEHVKNPYKGKK LKKHPDF PKKPLTPYFRFFMEKRAKYAKLHPEM. . .
l C()mplrll‘e parameters

Number of amino acids: 727
Molecular weight: 84936.8
Theoretical pI: 5.44

Amino acid composition:

Ala (a)
Arg (R)
Asn (N)
Asp (D)
cys (C)
Gln (Q)
Glu (E)
Gly (G)
His (H)
Ile (I)

NHWWUWO WU R
NNHWOUNWWS

Asx (B)
Glx (2)
Xaa (X)

Total number of negatively charged residues (Asp + Glu): 156
Total number of positively charged residues (Arg + Lys): 136

Secondary Structure Prediction

Deduce the most likely position of alpha-helices
and beta-strands

Confirm structural or functional relationships when
sequence similarity is weak

Determine guidelines for rational selection of
specific mutants for further laboratory study

Basis for further structure-based studies
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Alpha-helix

Corkscrew

Main chain forms backbone,
side chains project out

Hydrogen bonds between
CO group at n and
NH group at n+4

Helix-formers:
Ala, Glu, Leu, Met

Helix-breaker: Pro

Beta-strand

e Extended structure
(“pleated”)

e Peptide bonds point in
opposite directions

* Side chains point in
opposite directions

e No hydrogen bonding
within strand
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Beta-sheet

Stabilization through
hydrogen bonding

Parallel or
antiparallel

Variant:
beta-turn

Folding Classes

'\\%L_

Globins
Orthogonal
EF-hand
Up-Down
Cytochrome

Orthogonal
Super-barrel
Greek key
Sandwich

J elly roll

a+p

Staph

nuclease

Split sandwich
Meander
Metal-rich
OPen il
OB/UB roll

i "L. | .
NP N Y

Triose
phosphate
isomerase

TIM barrel
Doubly-wound
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Neural Network

Output layer

Hidden layer

Input layer

PredictProtein

e Multi-step predictive algorithm (Rost eral., 19%4)
 Protein sequence queried against SWISS-PROT

e MaxHom used to generate iterative, profile-based
multiple sequence alignment (Sander and Schneider, 1991)

e Multiple alignment fed into neural network (PHDsec)
e Accuracy
e Average > 70%
e Best-case > 90%
e Search engines
e E-mail predictprotein @embl-heidelberg.de
| Web http://lwww.embl-heidelberg.de/

IHMERMHI predictprotein/
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PredictProtein Query

Joe Buzzcut

National Human Genome Research Institute, NIH

buzzcut@nhgri.nih.gov

# flavodoxin - Anacystis nidulans
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIY
DDLDSVNFQGKKVAY FGAGDQVGYSDNFQDAMGI LEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVG
LAIDEDNQPDLTKNR IKTWVSQLKSEFGL

Secondary structure

S DA SIS DU S S
AA |AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVG|
PHD sec | EEEEEEE HHHHHHHHHHHHH EEEEE HHH HHHH EEEEE

Rel sec [938999736982489999999999767982443213241278631241999861547765|
Detail:

prH sec |000000000014689999999999821000011112565388764321000001111111
prE sec |058998852000000000000000000003665542100000000014899874120002 |
prL sec |931000137985310000000000178985222344324511234554000114667776 |

* SWISS-PROT hits
* Multiple alignment
* PDB homologues

Accuracy of Predictions

1 1] I X K




Current Topics in Genome Analysis *99
Protein Sequence Analysis: BLAST and Beyond

SignalP

e Neural network trained based on phylogeny
» Gram-negative prokaryotic
e Gram-positive prokaryotic
* Eukaryotic
Predicts secretory signal peptides
(not those involved in intracellular signal
transduction)

http://www.cbs.dtu.dk/services/Signal P

SignalP Query

>Sp|P05019|IGFB_HUMAN INSULIN-LIKE GROWTH FACTOR IB PRECURSOR

MGKISSLPTQLFKCCFCDFLKVKMHTMSSSHLFY LALCLLTFTSSATAGPETLCGAELVDALQFVCGDRG
N-terminal end only
Eukaryotic set

Kokkkkkkkkkkkkkkkkkkkkkkxk SignalP PrediCtions *kkkkkkkkkkkkkkkk kkkkkkkk

Using networks trained on euk data
>IGF-IB length = 195

(o] S

C = cleavage site score
S = signal peptide score
Y = combined score

Is the sequence a signal peptide?
Measure Position Value Cutoff Conclusion
‘ max. C 49 0.925 0.37 YES

Il ““""“ i max. ¥ 49 .855 0.34  YES
““I II"' max. S 37 0.973 0.88 YES
mean S 1-48 0.550 0.48 YES
Most likely cleavage site between pos. 48 and 49: ATA-GP
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Transmembrane Classes

* Helix bundles
Long stretches of apolar amino acids
Fold into transmembrane alpha-helices
“Positive-inside rule”
Cell surface receptors
lon channels
Active and passive transporters

Beta-barrel

Anti-parallel sheets rolled into cylinder
Outer membrane of Gram-negative bacteria
Porins (passive, selective diffusion)

TGREASE

Calculates hydrophobicity along length of a protein
(Kyte and Doolittle, 1982)

Hydropathy scale
 Propensity to bury side chain within protein core

* Based on solubility, free energy of transfer through
water-vapor transition, and other factors

* More positive scores indicate greater hydrophobicity

* More negative scores indicate greater hydrophilicity
* Moving average, with 7-11 residues optimal
e ftp:/l/ftp.virginia.edu/pub/fasta
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TGREASE Output

>sp|P25025 | IL8B_HUMAN HIGH AFFINITY INTERLEUKIN-8 RECEPTOR B
MEDFNMESDSFEDFWKGEDLSNYSYSSTLPPFLLDAAPCEPESLEINKYFVVI IYALVFLLSLLGNSLVM
LVILYSRVGRSVTDVYLLNLALADLLFALTLPIWAASKVNGWIFGTFLCKVVSLLKEVNFYSGILLL

l Default window length (11)

I Il - I
g
Transmembrane segments from SWISS-PROT

PHDtopology

Approach similar to PredictProtein (PHDsec)
Overall two-state accuracy 94.7%

e Accuracy of predicting helix 92.0%

* Accuracy of predicting loop 96.0%
Includes topology prediction

Search engines

e E-mail predictprotein @embl-heidelberg.de

* Web http://lwww.embl-heidelberg.de/
predictprotein/
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PHDtopology Query

Joe Buzzcut

National Human Genome Research Institute, NIH

buzzcut@nhgri.nih.gov

predict htm topology

# pendrin

MAAPGGRSEPPQLPE YSCSYMVSRPVYSELAFQQQHERRLOERKTLRESLAKCCSCSRKRAFGVLKTLVPILEWLPKYRV
KEWLLSDVISGVSTGLVATLQGMAYALLAAVPVGYGLYSAFFPILTYFIFGTSRHISVGPFPVVSLMVGSVVLSMAP. . .

AA |!SLKYD!PLDGNQELIALGLGNIVCGVFRGFAGSTALSRSAVQESTGGKTQIAGLIGAII|

PHD htm HHHHHHHHHHHHHH HHHHHHHHHHl

Rel htm |368899999999999998641104667777655431257778887777621467788888|
detail:

prH htm |310000000000000000124457888888877765321110000111135788899999|

prL htm |689999999999999999875542111111122234678889999888864211100000 |

PHDThtm

Predicting Tertiary Structure

Sequence specifies conformation, but
conformation does not specify sequence

Structure is conserved to a much greater extent than
sequence

e Limited number of protein folds

Similarities between proteins may not necessarily
be detected through “traditional” methods
Protein folding problem

* Asilomar structure prediction “contest”

* Numerous protein folds can be reliably identified

I NN""N“'” * Consensus approach
% 1
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VAST Structure Comparison

Step 1: Construct vectors for secondary structure elements

Ricin Chain B

VAST Structure Comparison
Step 2: Optimally align structure element vectors

Il L

12314

Protein 1 Protein 2

12 3 4 12 3

1 I

1234 1234 1234 1234

ILL Alignment 1 Alignment 2 Alignment 3 Alignment 4

Iml an
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VAST Structure Comparison

Step 3: Refine residue-by-residue alignment using Monte Carlo

Hisactophilin

Ricin B
% (both domains)

MMDB Id: 2778 PDB K: 2LIV

Protis O haans:
MEDLINE

Taxomomy

PDE Aulbors 15 Sk, W8 Saper & FLA Caeche

POE Degosilion 10-fipr-23

POE Class Pariplasmic Binding Fretsin

FIE Comgund L i S h] [l v S g h ¥ aling-Einding Frokin (LTVEE]

Seneena Haighbors
Struciure Meaphbore

| Wi Ea :pri;rm-l WY Epf Ol S T e
Oiplsa: Ve Complamity:
& Lamch Vever @ CoiD 2 .00en]] @ CoiD Subest @ Up e 5 Modals
O Sk Flli @ CrdD wl.0jenl] Q) Vietus Bord kedal 3 Upts LD Bodids
3 S File 0 Mage D A&l dtomn Medel (31 All Bodels

(@ Exkdal [FOE)
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FOE © D SC0 P-YAL ENEST HEES 4 Mepcriphbion
10157 s (T Lesgcire=-Einding Frotein (LEF)

1De-14.% ZIT 3 Arde Rt EGATIVE
PEGULATR CF THE
AMICHEE CEERCH CF
P e Aeruginos (Amic]
C ook Wilhi Aot da
Wirhiomima Spnduee (B 12-Einding
Dromamme) (B2 1.1 15

Chitd ropleci dine Beaduc b
[Cirpe] [E.C.L&05 LD Comoglax
With Hadh

L-firatincss-Binding Pretsin
[kAuiand W5Th Med |08 Faplaced
By Leud (M 10EL ) Comples: With
O- Tl st bic:

Seirgl-Coa Brmihedisa
[Sverinaie-Con Lignes)
[Adp-Porming) (EC£2.1.5)

Ledpeii- Eimding Frokin (LEF )

Cutiress [EC 3.1, -] Complesed
With Tha [nhibider Gl
Para-Hitropheny] Fhoephats

Fle Edit Wiew Features  Alignment

| G tae |0 Laak at: |0

A1 Salgckions 1= 1, TA~- T8, W~ 1 3-21_ 24 -24_ 30~ 3_ 47 - 42, 4% - 45 BN - BE_ BB - BB, DD
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SWISS-MODEL

e Automated comparative protein modelling server

e http://www.expasy.ch/swissmod/SWISS-MODEL.html
Results returned by E-mail

BLAST search to find similarities in PDB by sequence

Select templates with sequence identity > 25% and
projected model size >20 amino acids

Generate models
Do energy minimization

Generate PDB file for new protein model

identity
identity
identity
identity
identity
identity
identity

0NV R WN

NNNNRHERERRRRRER
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Rieger Syndrome / Iridogoniodysgenesis

Map locus 4q25-26

Gene encodes a bicoid-class
homeodomain protein

RS and IGD caused by mutations
in same gene

Slate-grey or chocolate brown
eye color

RS: White line on posterior cornea
(Schwalbe’s line): dense

collagen and spindle-shaped

cells with a basement membraneld

e IGD: Stroma of iris hypoplastic and light in color
\

Mﬂﬂ% * Progression to glaucoma

Threading Analysis

D o D
\ L F20 \ L F20
; ;

F49 > #
- S 16
Wt ="

W
i

F8
*
'

- Pitx2 Pitx21.540Q
\

I l
“dﬂﬂw AAG = 8 kcal/mol (20% difference)
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Protein Sequence Analysis

Protein Sequence

I
[ —1

Comparative Methods Predictive Methods

[ ] [ ]

Homology Profile Physical Structural
Searches Analysis Properties Properties

Gapped BLAST BLOCKS PropSearch PredictProtein

BLAST ProfileScan I ProtParam nnpredict

PSI-BLAST TGREASE SignalP

PHDtopology

Understanding Analyses

Sequence — —— Results

|

Inspection




